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Departments of 'Microbiology and Immunolagy, *Pathology, College of Medicine, The Catholic University
of Korea, ? Histostem Corporation, Seoul, Korea

ABSTRACT

Background: Human umbilical cord bloods, which could be taken during the delivery
are utilized as a source of hematopoietic stem cells. Also in cord blood, there are several
kinds of stem cells such as endothelial and mesenchymal stem cells. Methods: We
isolated the mesenchymal stem cells from human umbilical cord bloods and confirmed
the differentiation of these cells into osteoblast progenitor cells. The mesenchymal stem
cells derived from umbilical cord blood have the ability to differentiate into specific
tissue cells, which is one of characteristics of stem cells. These cells wete originated
from the multipolar shaped cells out of adherent cells of the umbilical cord blood
mononuclear cell culture. Results: The mesenchymal stem cells expressed cell surface
antigen CD13, CD90, CD102, CD105, a-smooth muscle actin and cytoplasmic antigen
vimentine. Having cultrued these cells in bone formation media, we observed the
formation of extracellular matrix and the expression of alkaline phosphatase and of
mRNA of ¢bfa-1, ostoecalcin and type I collagen. Conclusion: From these results we
concluded that the cells isolated from the umbilical cord blood were mesenchymal stem
cells, which we could differentiate into osteoblast when cultured in bone formation
media. In short, it is suggested that these cells could be used as a new source of stem

cells,
Network 2002;2(3):166-174)

which has the probability to alternate the embryonic stem cells.

(Immune
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ANENA FHFE7IAES] 22 2 wig. 7HE=
AlNE 3ol 4 A& A& 1171E phosphate buffered
saline (PBS, Jeil Biotechservices, Korea)Z 28] 3] 43l &
3,000 rpmollA] 1087+ DA L2 s} cHHanil centrifu-
gator Unicon 32R, Korea). Buffy coat3< do]A] t}A] 2
ull 3] 43} Ficoll-Hypaque (BlF 1.077)8 Ab-&3to]
SRR o2 SAMES Beleigh PBS
2 23] AE & A A(1,000 units/ml penicillin G,
1,000pg/ml streptomycin sulfate, 0.25pg/ml amphotericin
B) 2 2 mM =FEF(L-glutamine)©] 3FF-% minimun
essential medium alpha modification (-MEM, lJeil Bio-
techservices)©l] fetal bovine serum (FBS, biofluids, USA)®]
20% HA 743 AR AEE FRAAA AZelok &
2} 2~ = (T25 and T75, Falcon, Becton Dikinson, USA)®l|
1x10° cells/em® E|A] Yol 37°C 5% CO0ll4] wlleksl3d
o} vk & AlE9 AelE 914-x8v] 7 (Inverted phase
contrast microscopy, Olympus, CK40, Japan)2.Z 2}913}
ek 794 ASAEE AASI o FolA] Ak Al
27t Eeba=a vbEE A 1% trypsin EDTAS 2
sto] AEE BGA7 & 23] A sl 1x10* cells/em?
A A wiekslich A= 1596l 23] ket
27 So|AE F3} AEug FuhFel £olA &
e WAzt d% FEHE ol FA =W 20%
FBS7} -G= o-MEM#|A] ¢} 0.1uM Dexamethasone, 10
mM [3-glycerophosphate, 50yM ascorbate7} e+-§3 =3
A A4 27t wekeiele. 19 1314 See
Q) w3hE W ow uypsined Helsto] AEE
9% ¥ A4S Hasisn

Immunophenotyping. Flurorescence activated cell sorter
(FACS, Calibur, Becton Dikinson, USA)E Al-&-38lo] A|Z
FHAT AEHGE S sl Alxid 34
Al 3A Ak $ A zulok ekl ol A
ke FHAE wypsing 74§l 2% FBS7h i-E
Hank’s Banlanced Salt Solution (HF2)2. 2 23] A ¢}

5 ml tubeoll B-Z3}o] 1001 HR2E Y3 3h412 H7}s)
9t} &A= isotype FITCS} PE, CDI13PE, CDI14PE,
CD34FITC®} PE, CD45PE, CD51/61FITC, CD9OFITC,
CDI105PE (Pharmingen, Becton Dikinson, USA), CD102
(serotec, UK), a ¥ &< actine (Sigma, USA)S AH-83}91
om 4oCol| A 307 Helsgict. o %} A7t Fadt
749 HR2E 23] AlF sl 100u HF29l 1/3002 3] A3t
anti-mouse Ig GAM-FITC (ICN)S- 4°CollA] 30%-7F %2l
stk HR2Z 23] A% % Propium lodide 1ug/ml& A
S3lo] 2 AlEef Aolgle AEZE FEALE AE
W ddxels 7 V1A 39 WA Azxd
< 4°Coll A4 3027+ CDI3PEE *| 2|3t ¥ 1% paraformal-
dehydeZ 1057+ 324 A]7] 31 HF2¢l| IC Perm (Biosource,
PB 001, 5x, saponine, FBS, 0.1% sodium azide)< thAl ull
2 XA A Ageldch A=k Aol CDoo,
CD105, Collagen type I, Collagen type II (Sigma), Vimen-
tine (Santa Curze, USA)E A+-&38l1 o|X} A+ anti-
mouse Ig GAM-FITC (ICN)< 1/300%2 3] 4jslo] A&}
Act.

HAYFAA . A Lelof Feh=Fol oA Ak Al
ZE trypsinSZ A 2|g ¥ 8 chamber slideol] 1x10*
cellsyml®] FEZ 2001E 7}sto] &elo]l= FHof] o]
Al weksteich AlEZE &) =2 WA chamber
Gobol =] AHELg A v PBSZ 23] AlAleh
1% para-formaldehyde 2 4°CollA] 1087+ 3243+ 5 HF2
£ 7Fsle] AollA 20%7F HES-A]7] ¥ Immunopheno-
typing?t 72 W o2 AAsgich Al 24 3l &
Hakd o] AMBA glo] viE dAE A A8l HF2-IC
Perm &N & A-&slo] AEZIHFGA #F A} 543
W& Agstdel 44 3 chambers E2]3a 3154
& AAS F AW Sl =8 Ha YA u A (Zeiss,
Deutch) 2.2 -2} c}.

Alkaline phosphatase %34 9 activity 2Ql. A|=Enlek
gt2=39 ASHe AR ¥ PBSE 23] A|X a2
para-formaldehyde/0.1 M cacodylic acid® 10%-7F 317g s}
Sk 2Z NS AAZ F 0.1 M cacodylic acid 2 mlE
A8} Fast red TR/Naphthol Ax-Mx, formamide, 0.2 M
Tris maleates %33} alkaline phosphatase®2l A]2F 2 ml
5 7hsle] 37°Col A 1A17E F]F WHEAIF e Hhe S
AABFIL 0.1 M cacodylic acid 2 mlE RE-5& A 7]
3 et A4 dAn|H o2 Felsgict

mRNAS] 23 3¢l RNeasy Mini Kit® (Qiagen, USA)<
A-gslo] Al Zof|A] RNAE Eeleleict. ekEsli AlE
o] trypsing 7}sto] E2ldk & 2x10° cells® 233 PBS
Z 43] AIF3}I 3L o170l 1 ml RNeasy lysis buffer 8-
oll 10ul B-mercaptoethanols H- &4 35015 7}s}o]
A ZEuhS 2314171 = QlAshredder Aol A B2 Y3

=R
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227 AAEEIEATh Z2eR Al EE
nol 3505 7belz A 4L H RNeasy Aol Yo
8,000 g2 1527+ LAIE ]”‘P’iu} Al zgsl L el
3 70011¢] RW1 £H< 7k 5| 8,000% goﬂxi 1527
AR AHAFHE Asta RPE €94 5001
2 Y3 8000x gollA] 1527 YAEe 3 & AT L3
oS w3 RPE &4 50012 7}sle] 8,000x gollA]
257 A Ees el RNeasy AR & A 23 AFHFH
2 %7]3L RNase-free S 30uE Y3l 8,000% goll A
17 9AlEeElsle] RNAFEES A9tk RNA 8ult
10 mM dNTP 1i, Oligo (dT) 12~18 (0.5 gl) 11
AL g 65°ColA] 5E7F HHS A7 E 157F WA 2l
3 10% RT buffer 2u, 25 mM MgCl, 4, 0.1 M DTT
211, RNase OUT Recombinant RNase Inhibitor 1j1E 7}
so] 42colAl 257 WS AT of7]o] RTase (50
units, Superscript 1) 11E 7}g+ ] 42°Col| A 504, 70°C
ol A 1557 ¥F-8-A]7] 2 RNase H 1i1& YL 37°CollA]
2037 WXste] mRNAE A|ABA
Polymerase chain reaction (PCR)< t}-5-3} 7ro] A|#j3}
At 20119 "o 10x buffer (500 mM KCI, 100 mM
Tris-HCI pH 8.3, 15 mM MgCly); Z+2+2] oligonucleotide
primers 1 pM; 2uM dNTP; 100 ng cDNA; 0.5 U Taqg DNA
polymerase (5 U/ul; Boehronger Mannheim, Deutch)E A
£33tk PCRL Perkin Elmer 9,600 thermocyclerg o]
slod 95°Col Al 10, 94°C (denaturation)ol| 4] 1&, 55°C
(annealing)ol| A 1%, 72°C (elongation)ol| 4] 1&7F 303] |t
E3 et 5345 DNAT 1.5% agarose-gelol| A %1715
3191 21, ethidium bromideZ 34 E2lslgr}. o] o
A-8-3F primerg-< Table 13} 2t}

sfjolol] 70% etha-

Table I. Name and nucleotide sequences of the primers

4 1}
ANGNA dAEE s HHFAAEZY A4, AlthE o
Al 23 A Z 5 woksld 29 AR Feha= vt
choll o] A A7t #E = 3~4UAFE T
= o|Fo] o] Y& 71X AZE et o] E]lE
Rek 78R ASAEE Zﬂﬂﬂ—L 2579 o] 73Tt A
0431 7HA] e HAA AZES dEsch 1149
A 5 UHe] A E Fe] FollA BFEEPAE7} ul
2A SAEA TS YA 357 AopEEA W
FH AEZ & YA WFYAEELS e AE
Eoll B3 A] trypsin X gloll & vh-3-slod A FH-=
o Ajmde AT L3 Pl E 2= AE
To| dA= Ak (Fig 1 A, B, C, D)
YA F 5 A A w3}, b3 =94 1
SR E Held 73 A elsA ‘E%fi %E’-E i} &
23t A YA TR oA el Pi’ig
WA 7F It ES] AWA AlEe] 7% W
nom FALEI o r FAaTE 3’2}?10}9?\4.
iz el 159 AosbiaA 2384 F2A Held
< trypsinX] 2lol] WHg-3}A] o} AE 2] A4S 2lslA
= Zolglon AEH g 7] -e] A4 o] wiFdT]
npeho] AR QA wi7hA] FA sl A E7) Adsle 2
Aol #A#Ys=|9hFig. 1 E, F).
Immunophenotyping. ‘%—’;‘—d Az Azzw s
FACSZ #4138k A3 =¥ E7|AZe] 544 244
Ql CD34¢} Fg - 74]%4 J—E 43l CD45, TF-oll
Eo]3t CD14+ EHelx]A] 9kgkom CD13, CD90, CD102,
CD105, a-H &L actine FQlE|g L o] & AL F<
o Al Helgt F7kd E71A| A wEE = G511

e
m]o i

Primer Sequences Tm°C Bp
GAPDH' sense 5'-"ACCACAGTCCATGCCATCAC-3' 55 450
GAPDH anti-sense 5'"TCCACCACCCTIGTTGCTGTA-3' 55.9
ALP? sense 5'-ACGTGGCTAAGAATGTCATC-3' 48.8 475
ALP anti-sense 5-CTGGTAGGCGATGTCCTTA-3' 49.8
Type I collagen sense 5"TGACGAGACCAAGAACTG-3' 45.2 500
Type I collagen anti-sense 5'-CCATCCAAACCACTGAAACC-3' 53.8
Cbfa-1 sense 5'-CCGCACGACAACCGCACCAT-3' 65.5 267
Cbfa-1 anti-sense 5CGCTCCGGCCCACAAATCTC-3' 63.3
Osteocalcin sense 5'-CCTGAAAGCCGATGTGGTC-3' 71 262
Osteocalcin anti-sense 5'-CTCACACTCCTCGCCCTAT-3' 68

1: Glycerophosphatase dehydrogenase, 2: Alkaline phosphatase

ok AEW e

EAT AAAEY AEETAE
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Figure 1. Morphologies of adherent mononuclear cells obtained from human umbilical cord blood. A. After 6 days of culture, suspension
and adhesion cells were found (x100), B. After 17 days of culture, spindle shaped cells grew rapidly (X100), C. Culture 3 wks. The
spindle shaped cells grew confluently and filled up the flask (X100), D. Culture 1 month. The spindle shaped cells grew up to form
multilayer (X100), E. Treated with bone formation media for 2 wks. (X100), F. Treated with bone formation media for 1 month.

Massive matrix formation could be seen. (x100).

A3} Vimentineo] W =] ) th(Fig. 2).

Hgsped A g Al ol A A ExH el Do,
CD105, CD102, CD13, a-&#<T actineo] WX )31 A
F] 490 Vimentin®] AL FATZE stelelsle). 2
GA GRS A2k FollA = Al 18 ZebAlo] HA
o) ez ATA el ZAE AL HekAehig. 3.

)

Alkaline phosphatase®] W8, WFHAELE F
SujAZ uljoFgt Fol| A alkaline phosphataseSd ] 733}
Ao g ZstA wEdhs FelslkadchFig. 4).

WEE AlEe] mRNA W3 &l WFPA A Alh
ek 3ol A EHA FEmAE AelstA 2 T3t
Aelgh 3 I 2 mRNA 8-S 0] 23191 27 mRNA
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Figure 2. FACS results of spindle shaped cells. The CD34, CD45, CD14 were not expressed and the CD90, CD105, CD13 were
expressed. The stromal cell cytoskeleton vimentine, and alpha-smooth muscle actine were expressed. Collagen type I could not be defined
by cytoplasmic staining. Control, isotype antibody treated group without bone formation media.

o] Al vl E sty flsle] FAd 7o AEE il &

A+-8-8to] alkaline phosphatase, A|1% F2HA, cbfa-1, B Z7|HEe 2715458 (self-renewal)F 548 =%
ostei)calcinﬂ @2 Aok mRNAS] 345 RT-PCR A EZ 2] 3153 (tissue-specific cell differentiation)S 7}
2 29138l9l ). Alkaline phosphatase™ E334] o)A A3 QP AEZ BojE) ojd ZI|AEE 1 B}
= =] =) 1O vl e (Y ST .

= A Fol HeeA b Fold mF WHAUE o) wap A AL E87FEE 2714 E otpoten
A FebAlE FRAMRE nAR T B g el BE ulsle) AER B3 A58 A pleu-
A= ot AelollA 194 ¥ B S7FE s 2o ripotent stem cell), 2|3 ZH7+e] Eo] =z o g H3} 7}
Z0) o ] =

Tk cbfa-12 AT = 19417 S7kshs & 58t 7] Al Z (multipotent stem cell)Z 73 H Q] EFE

Eijﬁggj(gimﬂT~ﬂﬂ%%MHﬂ4ﬂﬂ 3 4 9le} wel 1S gl HEYo| ulelA wlolE
(= 2 UF A 1g. D).
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Figure 3. Results of immunofluorescence staining on the spindle shaped cells (x400). A. CD90, B. CD105, C. CD102, D. a-smooth
muscle actin, E. intracellular cytoskeleton vimentine, F. CD13, G. Intracellular collagen type I in bone formation media non-treatment
group, H. Intracellular collagen type I in bone formation media treatment group.

@

Figure 4. Expression of alkaline phosphatase in spindle shaped cells. A. bone formation media non-treated group (X100). B. bone

formation media treated group (X100).
Bone-formation media Bone-formation media

non-Treated Group Treated Group

1Day 5Days 9Days 1Day SDays 9Days

caron [ X L L X T ] won
phosphatase ps

Typel

Osteocaleinf % ¥ & F b‘ 262 bps

Figure 5. The expression of mRNA of alkaline phosphatase, type
I collagen, cbfa-1 and osteocalcin were checked in bone formation
treated and non-treated groups of passage 3 stage of multipolar
shaped adherent cells.

7] Al Z (embryonic stem cell)2} A1 AYo}& 7] 4| 3 (neonatal
stem cell) B A Q& 7] A Z(adult stem cel)E F5r3tet.
wobE 7 M EE 4 F 5UA F5o] FAE ujolellA
npgEe] gte g Zilsies Al AlAst gHEe
glot2 Bolsls oF 30~34719] AEE odofA] uljekst
AZ(12)5 w3t} wjotE 7 A EE 3ol w4
olupA ALl BE F7el AlErt B3 ¢ e Aow
AZkEek(13,14). 2 o]dl E3ks el Bka
Aobol} A4E gobd Ageht el BAH o
woll o AR|F o g EEA ke 5 AEE
231t Tl & FoFzZ (A, teratoma) o2 W E 1A
ol et AAENAEE 2L EAAE, AR
X, I EINAE, FTRAE7IAE 5 chekdt 2364
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240l Fh3)

% A 7 AEEL 242
AEER 234 & 9k oz dgrort He QT
ol SJshel chepd B3k7HsAe] Gl Ao Hof vk,

ZdZ7|AZEol A= dH(15), BIUIAE16), THA
E(17), FAE18) 5ol fr"ﬂﬂ“?} Zo g Fojgle
W AR E7| A Lol A= o8] 7}A] A7 A E5EE oy gk
A 2(19,20) % E3H3tet. ?7“’3 7HEE &5, A
=, 71, A, &5, 25714, AFAE 5212302 &
3} 7hedt 2o & o ‘”4. ae} o]yl 7hsAel =
E7sla EVAIEE A& ol FAAlA 4 E T
Aow ERQlolAl Foid w zhedzt W dukg-o] A7}
Qo oju] Ads] B3lxl Ao 7] ujfoll telomere?)
Zol7l g SAsHo| AslE= AR duA vt
(24). ¥l FHHL}"]‘/} HEG A dE g Y& A4
olZ 7| £ 735 Fl7|7F 415 7] AEA el A
o7 telomere?] 7'017} 23 FAs ol oy} 3t
ZYRAE o] 2] €] 7] 5ol A] 0141‘{‘414?‘234(GVHD)4
AN E7E g AR} okdt Ao ® A drk2)5).
Aol A Eelgt A EE GAAIT Eelshd of
7o AL FEste] A 7)o dREEe A
At AlEE U Al E(round shaped cells)o] 22 7] ¥]
gd Mol 2] CD457} 743l W= w o] & A& wiek
g7t AGTH AE FAHhE o7 ‘4]*501
?}5]01 A E7} HE e HoFdnh Way
A & (spindle shaped cells)< tFE A|EEoll H|3}o]
EGE7}b ull§ whEm Z7]oll&= AlEA o] AL el
g o] Frhrt AR AlEA o] FHRAH A A FolA
HelE ZerhFig 1). B3 typsinel] R1ZE
2l J%O]’ of AuieF Al A AFEHFT 5 Uk
olE AEE i‘{i gl o2 CD13, CDY0, CD105, o
33 actineo] BFA %] I (Fig. 3) ©] % CDI13< amino-
peptidase NO.ZA] FgFfole FFHoz WA=
CD90S Thy-12 2% B2 TAZ} A7 A Zol ol
WHEE 2o o] glal TA|Z| A9 AT A EA|A
of fodste Ao A vt Thy-1 AHFH ] ¢
A5 A7AC] Adre] 9l AoE o et
Aol wztkel TAEZS 7154 AL gle ez &
A2 Qlo] ofFA7A 1 7)ol WA= %rh2e).
CD105% transforming growth factor (TGF)-beta2] 4~
30l (3) ZA|ES} A=A L] E3toll T3t Jd& 3}
= =A< bone morphogenic protein (BMP)J} trans-
forming growth factor betat 2% Q1 A4 (27)0] Yo
B2 F7k] E7IAIEY] E3tel ARl FHEgdo®
AzbE el eyt ol i3t ghAle] F2HA (affinity)ol]
AolA CD105+ A o2 Yron] CD0 Hi-¢- 23t
Al dste As Fsdch

=9 AA = oMEMol| B AH|E}E (dexamethasone)

o[N j_, o:\o

bob _P; ﬁ
Pro"

O

3} B-glycerophosphate, ascorbic acide] “d7}=|o] 9laL B3
glycerophosphate, ascorbic acidi= ZelAIgAd ol H Qg
Aotk oA ZEldt F7H EVIAIZol FA|
b Aol e ) TGR ol €18 FA% et stol
B 2l (fibronectin)®] W8-S FhAsle A1y ZEAl
o] W2 Zrtsle AR 4vlA vk vhHoll 4ubd
o A 0}11],._01111 SH3k ubgg Ho|A] ¢gke Zle
2 o] 9Irh28).

FAE7L AAske e 99T F dv IAAEA
+ ¥ alkaline phosphatase$} A|1& ZT}AN(29), chfa-1
(30) 2 2 2H] 274 (ostoecalcin)©] 9)t}. Alkaline phos-
phatase= &, 7F, WA, A1, ejdbel] s 2 ol
A8} o] EolzA o] 9l Aslol|lA] FHAMAE A

7}s191-& wl] alkaline phosphatase %7} F43%] $7}%]
W FAZE F3}E ks & 4 Qi) Fig. 4049 2
o] TYA A& H7}slA ‘3%3 T-ol| A& alkaline phos-
phatase 3 Aoll Al oFslA] Wh-3-5 VERH " 3 Al ul
A& AHgsF FolA= 7L*}74] a} Sl AL E 4= 9lg)
o RT-PCROA % H|X 2] o]l HHO% 2ol Al 4
H o2 A wEse As & Uk AlE =
ghAle] W3k= AlZU 93AollA] immunophenotypingZ}
WP A gl RT-PCRe 53lo] Elagict Alx
immunophenotyping AZ= 108 #]7FA] A|13] ZelAlo]
ZL‘7]31'04 gholstol o 109 o] Fofl:= 0.1% collagenase
= AEsle] AZE wojd 5 glglon /‘ﬂi":‘c’] <A
E]OJ 2014 immuophenotyping-4-& A A 4= gt
ol & Hskely] fste] HE g2t RT- PCR—°4 =3}
of lelet. chfa-12 2FANE] 3} 270l wralst
= FA2E 43 A 92m(31) Fig. 52] mRNAS] wh&d
o Al TYA A Azl 7)o WA= g HoFd
th Q28| e ZAE ZEAEYA Al F7Fsl= markerZ
oFed 2] 9l ©.m(29) RT-PCRA T} A Z3A =] A a];L
I} v|x el el A B S 1% 5 otk =
Ao 3k el Z Bipshe 2719 $417]0 Xﬂl
8] ZelAlo] Z7tel 7] A 7]l alkaline phosphatase
g e ~H e 7HA o] ko] 57}*}3" upA] kol & wlvZ
Y715 AX AZAEF TS Hol= ALoE duA
Jrh32). B Aol mRNALE ol 3HA)
Aol AEE o]-&stlom AR X el ol
A& 27]°| alkaline phosphatase®} A|13 Zz}Al B @~
gl Zk o] ZhsiAl whadslgict. ool yhslol F3 Al ul
A5 AelshA gk TollA+ Alg YA W] &
Vb B HolFelen] oliz AEephAol 27}
o] 9= 49 ascorbic acid®} FBS el 4=
dexamethasone 9 Aol o3t ZoxE FAHC)
cbfa-1 mRNAT Z3AwiA] el & 194 73427] S71
e e Kol Folow TYPAAE HelsA &
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T TolAe A Srkehe g Rof Falvh

B Aol AL FA3E AL Belslgl o5
AES] FRFLEA L FellA 42 T E7IAE
9] g3t Ak FHA EhiAE Aelshd F
27 Eo| TR Eilslng B o FaSo] Halslo]

AL AT ENAEYS %
e AEABAZ 283 5 Aok
w3} Aol ute ik Frh3Ee) Ad F
Ao} ZTAXG A 7Z+doz olst B9 FA4 uEYE
FFO| AES ez A FALEAA o
AZAZY] 8= YA FAE
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